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A  large  number  of  M437,  175mm,  projectiles  were  extensively  measured 
dimensionally  and  their  inertial  properties  determined  experimentally,  in  cooperation 
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found  at  this  preliminary  stage  of  the  study  are:  the  "corkscrew"  pattern  resulting  frai 
the  correlation  of  the  azimuthal  angle  locating  the  minimum  wall  thickness  with  the 
longitudinal  station,  and,  the  correlation  of  the  wall  thickness  variation  in  the  body/ 
boattail  region  with  the  static  unbalance.  Considering  the  high  correlation  of  the’fcork- 
screw"  effect  and  its  physical  connections  to^the  next  most  highly  correlated  pairs  of 
parameters,  the  production  processes  should  be  examined  for  possible  cause  should 
the  planned  firing  tests  show  the  unbalance  levels  resulting  to  be  causing  unacceptable 
dispersion.  It  is  also  clear  that  what  determines  a  "good"  group  from  a  "bad"  group 
is  the  skewing  of  their  unbalance  histograms  not  their  ranges.  Thus,  a  "good"  group 
has  more  of  low  unbalance  than  a  "bad"  group  even  though  the  maximum  and  minimum 
unbalance  values  are  nearly  equal  for  both  "good"  and  "bad"  groups.  Maximum  values 
of  static  and  dynamic  unbalances  found  for  loaded  projectiles  are  .017  inches  and  .001 
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cf  Dynamic  Unbalance,  Series  5000,  Region  1, 
Empty 
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Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  5000,  Region  2, 
Empty 

Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  5000,  Region  3, 
Empty 

Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  6000,  Region  1, 
Empty 

Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  6000,  Region  2, 
Empty 

Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  6000,  Region  3, 
Empty 

Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  7000,  Region  1, 
Empty 

Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  7000,  Region  2, 
Empty 

Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  7000,  Region  3, 
Empty 

Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  8000,  Region  1, 
Empty 

Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  8000,  Region  2, 
Empty 
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181.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  8000,  Region  3, 
Empty 

182.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  3000,  Region  1, 
Full 
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183.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  3000,  Region  2, 
Full 

184.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  3000,  Region  3, 
Full 


185.  Mean  'Vail  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  5000,  Region  1, 
Full 

186.  Mean  Wall  Thickness  Varir  tion  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  5000,  Region  2, 
Full 

187.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  5000,  Region  3, 
Full 

188.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  6000,  Region  1, 
Full 


189.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  6000,  Region  2, 
Full 

190.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  6000,  Region  3, 
Full 
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191.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  7000,  Region  1, 
Full 

192.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  7000,  Region  2, 
Full 

193.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  7000,  Region  3, 
Full 

194.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  6000,  Region  1, 
Full 

195.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  8000,  Region  2, 
Full 

196.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  8000,  Region  3, 
Full 

197.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  3000,  Region  1, 
Empty 

198.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Se rie s  3000,  Region  2, 
Empty 

199.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  3000,  Region  3, 
Empty 

200.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  5000,  Region  1, 
Empty 
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201.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  5000,  Region  2, 
Empty 

202.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  5000,  Region  3, 
Empty 

203.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  6000,  Region  1, 
Empty 

204.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  6000,  Region  2, 
Empty 

205.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  6000,  Region  3, 
Empty 

206.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  7000,  Region  1 , 
Empty 

207.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  7000,  Region  2, 
Empty 

208.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  7000,  Region  3, 
Empty 

209.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  8000,  Region  1, 
Empty 

210.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  8000,  Region  2, 
Empty 
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211.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  8000,  Region  3, 
Empty 

212.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  3000,  Region  1, 

Full 

213.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  3000,  Region  2, 

Full 

214.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  3000,  Region  3, 

Full 

215.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  5000,  Region  1, 

Full 

216.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  5000,  Region  2, 

Full 

217.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Zlatic  Unbalance,  Series  5000,  Region  3, 

Full 

218.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  6000,  Region  1, 

Full 

219.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  6000,  Region  2, 

Full 

220.  Mean  Wall  Thickness  Variation  Versus  Azimuth 
of  Static  Unbalance,  Series  6000,  Region  3, 

Full 
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221.  Mean  Wall  Thickness  Variation  Versus  Azimuth  265 
of  Static  Unbalance,  Series  7000,  Region  1, 

Full 

222.  Mean  Wall  Thickness  Variation  Versus  Azimuth  266 
of  Static  Unbalance,  Series  7000,  Region  2, 

Full 

223.  Mean  Wall  Thickness  Variation  Versus  Azimuth  267 
of  Static  Unbalance,  Series  7000,  Region  3, 

Full 

224.  M^an  Wall  Thickness  Variation  Versus  Azimuth  268 
of  Static  Unbalance,  Series  T000,  Region  1, 

Full 

225.  Mean  Wall  Thickness  Variation  Versus  Azimuth  269 
of  Static  Unbalance,  Series  8000,  Region  2, 

Full 

226.  Mean  Wall  Thickness  Variation  Versus  Azimuth  270 
of  Static  Unbalance,  Series  8000,  Region  3, 

Full 

227.  Mean  Azimuth  of  Minimum  Wall  Thickness  Versus  271 
Azimuth  of  Dynamic  Unbalance,  Series  3000, 

Region  1 ,  Empty 

228.  Mean  Azimuth  of  Minimum  Wall  Thickness  Versus  272 
Azimuth  of  Dynamic  Unbalance,  Series  3000, 

Region  2,  Empty 

229.  Mean  Azimuth  of  Minimum  Wall  Thickness  Versus  273 
Azimuth  of  Dynamic  Unbalance,  Series  3000, 

Region  3,  Empt> 

230.  Mean  Azimuth  of  Minimum  Wall  Thickness  Versus  274 
Azimuth  of  Dynamic  Unbalance,  Series  5000, 

Region  1,  Empcy 


231.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Dynamic  Unbalance, 
Series  5000,  Region  2,  Empty 

232.  Mean  Azimuth  of  Minimum  Wall  Thickness 

ersus  Azimuth  of  Dynamic  Unbalance 
Series  5000,  Region  3,  Empty 

233.  Mean  Azimuth  of  Minimum  Wall  Thickness 

ersus  Azimuth  of  Dynamic  Unbalance, 
Series  6000,  Region  1,  Empty 

234.  Mean  Azimuth  of  Minimum  Wall  Thickness 

ersus  Azimuth  of  Dynamic  Unbalance, 
Series  6000,  Region  2,  Empty 

235.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Dynamic  Unbalance, 
Series  6000,  Region  3,  Ei.  ,pty 

236.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Dynamic  Unbalance, 
Series  7000,  Region  1,  Empty 

237.  Mean  Azimuth  of  Minimum  Wall  Thickness 

ersus  Azimuth  of  Dynamic  Unbalance 
Series  7000,  Region  2,  Empty 

238.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Dynamic  Unbalance, 
Series  7000,  Region  3,  Empty 

239.  Mean  Azimuth  of  Minimum  Wall  Thickness 

ersus  Azimuth  of  Dynamic  Unbalance 
Series  8000,  Region  1,  Empty 

240.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Dynamic  Unbalance, 
Series  8000,  Region  2,  Empty 
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251.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Dynamic  Unbalance, 
Series  7000,  Region  1,  Full 

252.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Dynamic  Unbalance, 
Series  7000,  Region  2,  Full 

253.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Dynamic  Unbalance, 
Series  7000,  Region  3,  Full 

254.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Dynamic  Unbalance, 
Series  8000,  Region  1,  Full 

255.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Dynamic  Unbalance, 
Series  8000,  Region  2,  Fv’ll 

256.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Dynamic  Unbalance, 
Series  8000,  Region  3,  Full 

257.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  3000,  Region  1,  Empty 

258.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  3000,  Region  2,  Empty 

259.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  3000,  Region  3,  Empty 

260.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  5000,  Region  1,  Empty 
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261.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  5000,  Region  2,  Empty 

262.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  5000,  Region  3,  Empty 

263.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  6000,  Region  1,  Empty 

264.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  6000,  Region  2,  Empty 

265.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  6000,  Region  3,  Empty 

266.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  7000,  Region  1,  Empty 

267.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  7000,  Region  2,  Empty 

268.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 
series  7000,  Region  3,  Empty 

269.  Mean  Azimuth  of  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  8000,  Region  1,  Empty 

270.  Mean  Azimuth  ot  Minimum  Wall  Thickness 
Versus  Azimuth  of  Static  Unbalance, 

Series  8000,  Region  2,  Empty 
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281.  Mean  Azimuth  of  Minimum  Wall  Thickness  325 

Versus  Azimuth  of  Static  Unbalance, 

Series  7000,  Region  1,  Full 

282.  Mean  Azimuth  of  Minimum  Wall  Thickness  326 

Versus  Azimuth  of  Static  Unbalance, 

Series  7000,  Region  2,  Full 

283.  Mean  Azimuth  of  Minimum  Wall  Thickness  327 

Versus  Azimuth  of  Static  Unbalance, 

Series  7000,  Region  3,  Full 

284.  Mean  Azimuth  of  Minimum  Wall  Thickness  328 

Versus  Azimuth  of  Static  Unbalance, 

Series  8000,  Region  1,  Full 

285.  Mean  Azimuth  of  Minimum  Wall  Thickness  329 

Versus  Azimuth  of  Static  Unbalance, 

Series  8000,  Region  2,  Full 

286.  Mean  Azimuth  of  Minimum  Wall  Thickness  330 

Versus  Azimuth  of  Static  Unbalance, 

Series  8000,  Region  3,  Full 

287.  Linear  Correlation  Coefficients  for  Series  3000  331 

288.  Linear  Correlation  Coefficients  for  Series  5000  332 

289.  Linear  Correlation  Coefficients  for  Series  6000  333 

290.  Linear  Correlation  Coefficients  for  Series  7000  334 

291.  Linear  Correlation  Coefficients  for  Series  8000  335 
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NOMENCLATURE 


Constant  in  linear  fit  to  data 
Coefficient  of  skewness 
Coefficient  of  kurtosis 
Slope  in  linear  fit  to  data 

Normal  distance  from  line  y  =  ax  +  b  to  point  (x.,y.) 
Sum  of  the  squares  of  d. 

Sample  mean  deviation 
Number  of  data  points 

Linear  correlation  coefficient  of  a  sample 
Sample  standard  deviation 

Average  wall  thickness  variation  over  a  region 

Sample  mean 

Independent  variable 

Dependent  variable 

Dynamic  unbalance 

Average  over  a  region  of  the  azimuthal  angle  locating 
the  minimum  wall  thickness 


£  Static  unbalance 


Azimuthal  angle  locating  the  static  unbalance 


r* 

<rx  In  Appendix  A,  ; 

;= i 
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ABSTRACT 


A  large  number  of  M437,  1 7 5mn\  projectiles  were  extensively 
measured  dimensionally  and  their  inertial  properties  determined 
experimentally,  in  cooperation  with  Frankford  Arsenal  and  Aberdeen 
Proving  Ground.  These  shells  had  been  separated  into  two  dimen¬ 
sionally  "acceptable"  and  three  dimensionally  "unacceptable"  groups 
at  their  production  sites.  This  report  presents  a  statistical  evalu¬ 
ation  of  that  data  and  preliminary  attempts  at  analyzing  and 
correlating  the  data.  The  clearest  relations  found  at  this  preliminary 
stage  of  the  study  are:  the  "corkscrew"  pattern  resulting  from  the 
correlation  of  the  azimuthal  angle  locating  the  minimum  wall 
thickness  with  the  longitudinal  station,  and,  the  correlation  of  the 
wall  thickness  variation  in  the  body/boattail  region  with  the  static 
unbalance.  Considering  the  high  correlation  of  the  "corkscrew" 
effect  and  its  physical  connections  to  the  next  most  highly  correlated 
pairs  of  parameters,  the  production  processes  should  be  examined 
for  possible  cause  should  the  planned  Bring  tests  show  the  unbalance 
levels  resulting  to  be  causing  unacceptable  dispersion.  It  is  also 
clear  that  what  determines  a  "good"  group  from  a  "bad"  group  is 
the  skewing  of  their  unbalance  histograms  not  their  ranges.  Thus, 
a  "good"  group  has  more  shell  of  low  unbalance  than  a  "bad"  group 
even  though  the  maximum  and  minimum  unbalance  values  are  nearly 
equal  for  both  "good"  and  "bad"  groups.  Maximum  values  of  static 
and  dynamic  unbalances  found  for  loaded  projectiles  are  .017  inches 
-and  .001  radians. 


. mF(Wplm] . . . . . . . . . . . . . . . . 


INTRODUCTION 


As  part  of  the  study  of  the  effects  of  asymmetries  and  the 
resulting  unbalances  in  175mm,  M437,  shell,  several  sample  groups 
of  shell  of  different  ’'quality"  were  collected.  All  of  these  groups 
met  the  minimum  and  or  maximum  dimensions  specified  but  failed 
to  meet  the  wall  thickness  variation  specifications.  These  groups 
were  ranked  in  order  of  "badness"  as  defined  by  how  much  the  wall 
thickness  varied  in  regions  where:  this  property  was  controlled  by 
the  production  specifications. 

The  first  step  in  any  analysis  would  be  to  clarify  the  vague 
concept  of  "badness"  implicit  in  the  above.  Clearly  in  an  operational 
sense,  "badness"  means  dispersion  in  range  and  azimuth  and  the 
shell  mass  properties  v.-hich  contribute  to  these  are  the  static  and 
dynamic  unbalances  and  the  weight  variation. 

The  current  production  design  philosophy  is  that  controlling 
certain  dimensions  and  the  wall  thickness  variation  in  some  locations 
to  within  specified  tolerances  will  keep  the  above  parameters  unde.* 
sufficient  control  to  result  in  acceptable  dispersion.  This  is 
desireable  from  the  current  production  point  of  view  since  it 
eliminates  actual  measurements  of  static  and  dynamic  unbalances 
on  the  production  line.  It  might  be  desireable;  however,  to  directly 
measure  the  unbalances  instead  of  making  many  dimensional 
measurements  on  future  production  lines.  One  purpose  of  this  study 
is  to  examine  possible  relationships  between  the  unbalances  and  the 
projectile  dimensions  and  their  variations.  Therefore,  the  second 
step  would  be  to  attempt  t'*  correlate  these  properties  with  the 
dimensional  variations  of  the  shell  to  see  if  such  a  procedure  is 
actually  useful.  Thus  the  following  preliminary  statistical  analysis 
was  undertaken  as  a  necessary  step  in  the  solution  process. 
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ANALYSIS 


The  sample  groups  available  represented  an  acceptable 
production  group  and  three  groups  made  from  unaccepted  shell 
from  Gateway  Army  Ordnance  Plant  (GAAP)  and  one  accepted 
production  group  from  Scranton  Army  Ordnance  Plant  (SOP). 

In  all  cases  the  deciding  criterion  for  acceptance  or  rejection 
was  wall  thickness  variation  in  the  body /boattail  regions,  since 
all  the  sampled  shell  were  within  the  minimum  or  maximum 
dimensions  specified.  The  groups  are  shown  in  Table  I  in  order 
of  increasing  variation  with  the  different  sample  groups  assigned 
a  distinctive  series  number.  The  tolerance  on  and  the  dimensional 
extend  of  the  regions  on  the  shell  are  given  in  Table  n. 

TABLE  I 


Thickness  Variations  in  Different  Series 


SERIES 

BODY /BOATTAIL  REGION 
VARIATION 

GROUP  SIZE 

i 

•SOP 

1 

Acceptable,  <0.036  in. 

50 

13000  (GAAP) 

i 

Acceptable,  <0.036  in. 

100 

! 

•5000  (GAAP) 

0.040  to  0.050  in. 

88 

1 

6000  (GAAP) 

<  0. 050  in. 

57 

70C0  (GAAP) 

0.040  to  0.80  in. 

51 

'8000  (GAAP) 

All  GAAP  Shell 

— 

296 

All  of  these  shell  had  their  wall  thicknesses  and  their  azimuthal 
angles  of  minimum  wall  thickness  determined  at  24  longitudinal 
positions  and  either  2  or  3  other  evenly  spaced  azimuths  at  each 
longitudinal  station  by  Frankford  Arsenal  personnel.  These  shell 
were  then  sent  to  the  Material  Test  Directorate,  Aberdeen  Proving 
Ground,  where  their  dynamic  and  static  unbalance  parameters  were 
experimentally  measured. 
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TABLE  n 


Definitions  of  Regions  of  Shell 


Iregion 

WALL  VARIATION  TOL. 

BOUNDARIES  OF  REGION 

1 

! 

(inches) 

(inches  from  nose  of  shell 
w  In  fii7.f») 

IL  11 

* 

-  0.036 

20  to  29.5  (body/boattail) 

-  0.060 

4  to  13  (ogive) 

! 

3 

» _ 

~ 

_ 

complete  shell 

The  first  phase  of  the  statistical  anal  ysis  consisted  of  constructing 
histograms  and  cumulative  frequency  polygons  for  each  shell  series 
for  the  following  measured  properties: 

4 

a.  dynamic  unbalance  (rad.  x  10  ):  empty  and  full 

3 

b.  static  unbalance  (in.  x  10  ):  empty  and  full 

c.  azimuthal  angle  of  static  unbalance  (deg. ):  empty  and  full 

d.  azimuthal  angle  of  dynamic  unbalance  (deg.):  empty  and  full 

A  histogram  for  a  given  variable  is  constructed  by  deciding  that 
the  complete  range  (maximum  value -minimum  value)  of  the  sample 
of  the  variable  will  be  divided  into  some  finite  number  of  cells. 

Then  the  numbers  of  times  the  sample  values  fall  within  each  cell 
is  plotted  as  the  ordinate  and  the  value  of  the  mid-point  of  each  cell 
is  plotted  as  the  abscissa.  A  cumulative  frequency  polygon  is 
constructed  by  summing  from  left  to  right  the  number  in  each  cell 
and  plotting  this  accumulating  sum  as  the  ordinate  versus  the  upper 
(right-most)  value  of  the  cell  boundaries. 

The  dynamic  unbalance  is  the  angle  between  the  shell's  nominal 
principle  axis  of  symmetry  and  the  actual  major  principle  axis  of 
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the  ellipsoid  of  inertia;  while  the  static  unbalance  is  the  perpendicular 
distance  which  the  actual  center-of-gravity  is  off-set  from  the 
nominal  axis  of  symmetry.  The  azimuthal  angles  of  static  unbalance 
and  of  dynamic  unbalance  are  explicitly  defined  in  Reference  4.  For 
practical  purposes,  they  are  the  angles  about  the  axis  of  symmetry, 
beginning  from  a  common  arbitrary  zero  reference,  which  locate 
the  off-set  center  of  gravity  and  the  positive  axis  of  the  longitudinal 
principle  axis  of  inertia  in  a  plane  perpendicular  to  the  symmetry 
axis  and  passing  through  the  center  of  gravity. 


These  histograms  and  cumulative  frequency  polygons  are 
plotted  automatically  during  runs  of  a  statistical  analysis  program, 
STATCS,  which  also  computes  the  sample  mean,  variance,  standard 
deviation,  skewness  coefficient,  kurtosis  coefficient,  and  mean 
deviation  for  each  property.  The  statistical  parameters  computed 
are  standard;  but  for  coirpleteneas,  the  definitions  will  be  repeated 
here. 


For  a  sample  of  size  N  the  definitions  are: 


Sample  Mean: 


x  t  /n 

•A  " 


Sample  Variance 

5 E(*i-S)  /(N-l) 

4-1 

Sample  Standard  Deviation 

$  =  -'j  s* 


Sample  Mean  Deviation 


l.D.  =  £  /(N-l) 


The  skewness  and  kurtosis  coefficients  deserve  a  bit  more 
discussion.  Skewness  is  a  measure  of  the  departure  from 
symmetry  of  the  distribution.  A  distribution  which  has  a  longer 
"tail"  to  the  right  of  the  central  maximum  than  to  the  left  is  said 


to  have  positive  skewness  and  one  which  has  the  longer  "tail"  to  the 
left  has  negative  skewness.  The  coefficient  of  skewness  is  defined 
as  the  third  moment  of  the  distribution  nondimensionalized  by  the 
cube  of  the  standard  deviation  or: 

Note:  A  normal  distribution  has  a  skewness  of  zero. 

Kurtosis  is  a  measure  of  the  "peakedness"  of  a  distribution  and 
the  coefficient  of  kurtosis  is  defined  by  a  non-dimensionalized  fourth 


With  this  definition,  a  normal  distribution  yields  an  a^  of  3. 


One  of  the  primary  uses  of  the  coefficients  of  skewness  and 
kurtosis  is  to  estimate  the  probability  of  tv“  given  sample  being 
from  a  normally  distributed  population  by  such  means  as  Geary  and 
Pearson's  tables,  available  in  a  number  of  statistics  texts. 

A  family  of  computer  codes  were  written  and  used  to  compute 
the  sample  linear  single  independent  variable  correlation  coefficients 
of  the  samples  and  to  plot  the  results.  In  general,  the  sample  linear 
correlation  coefficient  between  two  series  of  values  x.  and  y.  is 
given  by  N  N  N 


where  N  is  the  number  of  (x.,  y.)  data  points  and  the  equation  is 
symmetric  in  x  an  y  so  that\he ^question  of  which  is  the  ;ndependent 
variable  does  not  enter. 


Equation  (7)  is  the  computational  form  for  the  linear  single 
independent  variable  correlation  coefficient  of  a  sample  from  a 
population.  The  actual  definition  of  a  linear  f*  is,  in  words. 


unassociated  variation 
total  variation 


where  the  unassociated  variation  is  that  variation  which  cannot  be 
explained  by  making  y  a  linear  function  of  x  as  determined  by  a 
least  squares  procedure.  For  a  further  and  more  complete  discuss¬ 
ion  see  Chapter  18  of  Reference  2. 

It  is  well  known  in  the  least  squares  fitting  of  a  straight  line  to 
data  that  interchanging  the  dependent  and  independent  variables 
(where  the  least  squares  criterion  is  applied  to  the  dependent 
variable)  will,  in  general,  result  in  different  "best-fits"  to  the  same 
data.  In  the  process  of  analyzing  the  shell  data  it  was  found  that 
sometimes  one  and  sometimes  the  other  of  the  two  possible  forms 
was  clearly  superior.  Since  which  form  would  work  best  for  a 
given  set  c~  variables  could  not  be  readily  predicted  in  advance,  a 
least  squares  method  which  does  not  require  this  choice  was  used. 
The  method  is  that  of  determining  the  coefficients  which  minimize 
the  sum  of  the  squares  of  the  distances  along  the  normal  from  the 
line  to  the  da.  oints.  The  detailed  deriviation  is  given  in  Appendix 
A,  while  it  ii  ilined  here. 

If  the  line  is  given  by: 


3  =  b 


(8) 


then  the  normal  distance  from  the  line  to  the  point  (x.,  y.)  is 

*  i  ■» 


The  correlation  effort  in  this  study  was  principally  directed  at 
linear  correlation  since  the  method  of  Reference  1  is  currently 
restricted  to  linearity. 

The  primary  correlations  sought  were: 

1.  the  mean  azimuthal  angle  of  minimum  wall  thickness  at 
a  given  station  for  each  series  versus  longitudinal 
position  of  that  station 

2.  the  wall  thickness  variation,  At,  (averaged  for  regions 
and  complete  shell  for  all  series)  versus  static  unbalance, 

€.  ,  and  dynamic  unbalance,  C< 

3.  the  azimuthal  angle  of  minimum  wa'l  thickness,  min, 
(averaged  over  complete  shell  for  ali  series)  versus  the 
azimuthal  angle  of  static  unbalance,  A  ,  and  the 
azimuthal  angle  of  dynamic  unbalance,  T 

4.  the  azimuthal  angle  of  static  unbalance,  X  ,  versus  the 
azimuthal  angle  of  dynamic  unbalance,  *£* 

5.  the  dynamic  unbalance,  0(  ,  versus  the  static  unbalance,  € 

The  parameters  in  the  above  attempted  correlations  have  been  defined 
earlier;  and  the  series  mentioned  are  those  in  Table  I,  while  the 
term  region  refers  to  an  area  in  the  shell  of  differing  tolerance,  as 
defined  in  Table  II.  (Note  that  the  terms  complete  shell  and  Region  3 
mean  the  same . ) 

The  lowest  value  of  the  cori  elation  coefficient  which  is  required 
to  meet  a  certain  level  of  significance  is  a  function  of  sample  size. 
The  values  computed  for  the  various  size  series,  using  the  tabulated 
values  in  Appendix  II  of  Reference  2  are  shown  in  Table  HI. 
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for  Different  Series  Versus  Significance  Level 


Significance  /el  in  this  usage  is  defined  so  that  the  probability 
of  the  true  populavion  correlation  coefficient  being  zero  is,  at  most, 
"the  significance  level  value"  when  the  sample  correlation  coefficient 
is  equal  to  or  greater  than  the  tabulated  minimum  value  (Table  HI), 
For  example  let  us  consider  Series  3000  which  has  a  sample  size  of 
100,  If  we  are  trying  to  determine  if  the  true  (population)  correlation 
coefficient  is  non-zero  and  we  are  willing  to  accept  2  chances  in  100 
that  it  is  zero  (i.e.,  a  significance  level  of  .02),  then  the  sample 
correlation  coefficient  must  have  an  absolute  value  of  at  least  0.  2325, 
as  shown  in  Table  m.  Alternatively  for  a  95%  confidence  level 
(0.05  significance  level)  the  sample  correlation  coefficient  for  the 
3000  series  need  only  be  0. 1967.  Further  statistical  analysis  can 
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yield  estLnates  of  the  true  correlation  coefficients  not  just  their 
probability  of  being  non-zero.  The  general  results  are  available  in 
Appendix  VIII  of  Reference  2. 

RESULTS  AND  DISCUSSION 

In  order  to  make  the  preliminary  results  and  the  data  gathered 
for  this  study  available,  this  report  is  being  published  before  the 
program  is  completed.  No  claim  is  made  that  the  statistical 
manipulation  of  the  data  is  exhaustive  or  that  realistic  limits  on  the 
unbalances  can  be  set  until  the  firing  data  from  these  shell  has 
been  analyzed. 

The  histograms  computed  by  the  STATCS  code  are  shown  in 
Figures  1  to  40  and  the  cumulative  frequency  polygons  are  shown 
in  Figures  41  to  80.  The  statistical  moments  and/or  their  coefficients 
as  defined  and  discussed  in  the  Analysis  Section  and  as  computed  for 
each  property  of  each  series  are  tabulated  in  Figure  81.  It  can  be 
seen  that  all  properties  are  highly  non-normal  in  their  distributions. 

As  an  example,  let  us  consider  the  3000  and  7000  series  in  their 
loaded  condition.  The  3000  series  is  a  dimensionally  "acceptable" 
sample  group  and  the  7000  series  is  the  dimensionally  "worst"  sample 
group  from  GAAP.  If  one  looks  at  the  dynamic  and  static  unbalances 
of  these  series  as  presented  in  Table  IV,  it  can  be  seen  that  the 
ranges,  that  is,  the  maximum  values  less  the  minimum  values,  of 
both  static  and  dynamic  unbalances,  are  practically  the  same  in  the 
two  series.  However,  the  "good"  series  (3000)  has  both  its  dynamic 
and  static  unbalances  much  more  highly  skewed  toward  zero  than 
does  the  "bad"  (7000)  series. 

The  linear  regression  lines  and  the  data  points  for  the  various 
correlations  sought  are  shown  in  Figures  82  to  286.  The  correlation 
coefficients  are  tabulated  in  Figures  287  fo  291. 

It  can  be  seen  from  these  tabulations  that  the  correlations  which 
are  both  significant,  at  levels  less  than  0.01,  and  also  appear  to 
account  for  a  majority  of  the  variation  are  (for  all  shell,  8000  series): 


1.  the  longitudinal  station  versus  the  mean  angle  of  the 
minimum  wall  thickness 
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Comparison  of  "Best11  and  "Worst1*  Series  from  GAAP  (Loaded 
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2.  the  static  unbalance  versus  the  mean  thickness  variation 
for  all  except  the  shell  ogive  region 

One  may  surmise  that  the  first  item  in  correlation  rank  (see 
also  Results),  the  mean  angle  of  minimum  wall  thickness  versus 
longitudinal  station,  is  an  artifact  of  the  current  production  process 
at  GAAP.  This  ’’corkscrew"  effect  amounts  to  150°  in  22  inches  of 
shell  length  for  the  8000  series  (all  GAAP  shell)  as  shown  in 
Figure  86.  This  effect  could  be  caused  by,  for  example,  differential 
rotation  of  a  round  punch  and  die  which  are  off-center  with  respect 
to  each  other,  or  by  an  out- of- round  punch  and/or  die. 

The  second  item  shows  that  the  static  unbalance  is  more  strongly 
effected  by  wall  thickness  variations  in  the  body/boattail  section 
than  it  is  by  variations  in  the  ogive  section.  This  is  as  would  be 
expected,  since  greater  masses  at  larger  radii  are  involved  in  the 
aft  shell  sections.  At  least  part  of  this  correlation  can  probably  be 
attributed  to  the  "corkscrew"  effect  since  the  data  shows  that  the 
azimuthal  angle  of  minimum  wall  is  confined  within  the  same  180° 
around  the  shell  for  the  entire  length  of  the  cavity. 

While  the  correlations  for  the  following  are  still  significant,  at 
the  .  01  level  or  less,  they  appear  to  explain  a  smaller  part  of  the 
variations: 

3.  the  static  versus  the  dynamic  unbalance,  both  empty  and 
full 

4.  both  the  azimuthal  angles  of  static  and  the  azimuthal 
angles  of  dynamic  unbalance  with  the  mean  angle  of 
minimum  wall  thickness. 

These  seem  to  indicate  that  a  shell  does  not  often  have  both 
large  (or  small)  static  unbalance  and  large  (or  small)  dynamic 
unbalance.  Since  the  histograms  of  Figures  1  to  40  show  that  the 
shell  aeries  do  not  cluster  tightly  about  one  value  of  either  static 
or  dynamic  unbalance,  the  negative  correlation  between  static  and 
dynamic  unbalance  would  tend  to  increase  dispersion  since  the 
effects  of  the  two  unbalances  on  a  trajectory  are  at  right  angles  and 
vary  differently  with  range  (See  Reference  3).  It  is  also  suggested 
that  the  correlation  between  the  azimuthal  angles  of  static  and 
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dynamic  unbalance  is,  at  least  in  part,  due  to  their  physical  linkage 
with  the  fact  that  the  minimum  wall  thickness  tends  to  occur  in  the 
same  angular  half  of  a  shell  over  its  cavity  length. 

The  extremely  high  correlation  between  the  mean  angle  of 
minimum  wall  thickness  and  longitudinal  station,  or  the  "corkscrew" 
effect,  and  its  physical  connections  with  the  next  most  highly 
correlated  pairs  of  parameters  seems  to  indicate  that  effort  spent 
examining  the  production  processes  for  the  causes  and  cures  of  this 
close  relationship  would  be  well  spent  if  the  magnitudes  of  the 
unbalances  being  produced  are  shown  to  result  in  unacceptable 
dispersion  in  the  test  firings  of  these  sh*ill.  It  would  seem  from 
the  shell  data  gathered  to  date  that  variation  limitation  type  dimen¬ 
sional  controls  are  not  very  effective  in  limiting  dynamic  unbalance 
while  they  are  fairly  effective  in  limiting  static  unbalance  with 
current  production  methods  since  the  correlation  coefficients  for 
complete  shell  of  the  8000  series  (all  GAAP  shell)  are  (See  also 
Figure  291): 

mean  wall  thickness  variation  vs.  dynamic  unbalance  =  -0.0967 
mean  wall  thickness  variation  vs.  static  unbalance  =  0.698 

However,  it  is  yet  to  be  determined  whether  the  large  range  of 
dynamic  imbalance  resulting  would  still  have  an  acceptable  dispersion 
level.  This  is  to  be  settled  by  a  series  of  test  firings  using  the  shell 
which  are  reported  on  here. 

Examination  of  the  correlation  coefficients  for  the  individual 
series  shows  that  the  first  group  remains  both  highly  significant 
and  highly  correlated  for  ail  series  whereas  those  in  the  second 
group  drop  to  being  significant  only  at  the  0.05  level  or  higher  for 
some  conditions  and  explain  only  a  small  part  of  the  variation. 

It  seems  necessary  at  this  point  to  emphasize  that  lack  of  linear 
correlation  does  not  mean  that  the  particular  variables  involved  are 
necessarily  unrelated.  It  may  mean  that  they  can  be  related  in  a 
nonlinear  manner.  On  the  other  hand  a  strong  linear  correlation 
may  be  false  in  that  the  variables  really  correlate,  not  to  each 
other,  but  with  some  other  factors). 


CONCLUSIONS 

The  primary  conclusion  to  be  drawn  from  the  statistical 
quantities  for  the  different  mass  properties  is  that  all  the  properties 
are  highly  non-normal  in  their  distribution  and,  hence,  the  appli¬ 
cation  of  statistical  theorems  and  methods  which  assume  normality 
is  questionable. 

The  implication  of  the  loaded  3000/7000  series  unbalances  study 
in  the  Results  is  that  meeting  or  not  meeting  the  wall  thickness 
variations  specifications,  even  in  this  extreme  situation,  does  not 
significantly  alter  the  maximum  unbalances  found  in  a  group.  How¬ 
ever,  the  acceptable  series  has  more  shell  of  low  unbalances  than 
does  the  unacceptable  series. 

The  very  high  correlation  between  the  mean  angle  of  minimum 
wall  thickness  and  longitudinal  station  for  the  GAAP  shell,  resulting 
in  a  "corkscrew  effect"  suggests  a  physical  cause  in  the  manufactur¬ 
ing  process. 

The  second  highest  correlation  is  between  static  unbalance  and 
wall  thickness  variation,  particularly  in  the  body/boattail  region. 
Since  the  "corkscrew  effect"  above  is  restricted  to  the  same  180° 
around  the  shell,  it  contributes  to  this  correlation. 

The  next  two  highest  correlations  indicate  a  negative  correlation 
between  static  and  dynamic  unbalc  ce,  empty  and  full,  which  will 
increase  free  flight  dispersion;  ana  a  correlation  between  the 
azimuthal  angles  of  static  and  dynamic  unbalance  possibly  due,  in 
part,  to  the  "corkscrew  effect".  This  again  emphasizes  the 
desireability  of  examining  the  production  process  for  causes  of  the 
"corkscrew  effect"  if  these  magnitudes  of  unbalance  produce 
unacceptable  dispersion  in  the  test  firings. 

The  data  gathered  to  date  seems  to  indicate  that  variation 
limitation  type  dimensional  controls  are  not  very  effective  in 
limiting  dynamic  unbalance  while  they  are  fairly  effective  in 
limiting  static  unbalance. 
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It  should  be  kept  in  mind  that  a  lack  of  linear  correlation  does 
not  mean  that  the  variables  do  not  have  a  nonlinear  correlation. 
Conversely,  a  good  linear  correlation  may  be  false  in  that  the 
variables  really  correlate  with  some  unexamined  factor(s)  which 
have  remained  the  same. 

A  firing  program  will  be  conducted  to  determine  the  actual 
operational  restrictions  on  static  and  dynamic  unbalance  and 
weight  imposed  by  acceptable  dispersion  limits.  These  values  can 
be  used  as  input  to  the  OPTOL  code  (Reference  1)  which  computes 
the  loosest  and  least  costly  tolerances  which  will  statistically  meet 
these  requirements.  An  alternative  method  is  to  use  the  unbalance 
and  weight  limitations  directly  by  measuring  them  on  the  production 
shell  and  using  them  as  acceptance  or  rejection  criteria. 

REFERENCES 

1.  Friedman,  E.,  Lacher,  E.,  and  Ng,  C.,  "A  Method  of  Choosing 
Projectile  Manufacturing  Tolerances  so  as  to  Minimize  Costs 

of  Production  While  Satisfying  Functional  Requirements", 

PA  TM  1982,  December  1970. 

2.  Richmond,  S.B.,  Principles  of  Statistical  Analysis  ,  The 
Ronald  Press  Company,  New  York,  N.  Y.,  1957 

3.  Loeb,  Alfred  A.,  "A  Preliminary  Investigation  of  the  Mass 
Asymmetry  Effects  on  Exterior  Ballistics  for  the  175mm, 

M437  Projectile",  ESL  IR  445,  August  1969 


. 


-  Frequency  Histogram  for  Dynamic  Unbalance  of  Full 
3000  Series  Shell 
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Figure  19  -  Frequency  Histogram  for  Static  Unbalance  of  Empty 
5000  Series  Shell 
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-  Frequency  Histogram  for  Dynamic  Unbalance  of  Empty 
6000  Series  Shell 
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Figure  29  -  Frequency  Histogram  for  Azimuth  of  Dynamic  Unbalance 
of  Empty  6000  Series  Shell 
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Figure  32  -  Frequency  Histogram  for  Azimuth  of  Static  Unbalance 
of  Full  6000  Series  Shell 


76 


Figure  35  -  Frequency  Histogram  for  Static  Unbalance  of  Empty 
7000  Ser  .*s  Shell 
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Figure  36  -  Frequency  Histogram  for  Static  Unbalance  of  Full 
7000  Series  Shell 
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Figure  39  -  Frequency  Histogram  for  Azimuth  of  Static  Unbalance 
of  Empty  7000  Series  Shell 
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Figure  48  -  Cumulative  Frequency  Polygon  for  Azimuth  of  Static 
Unbalance  of  Full  SOP  Series  Shell 
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Figure  60  -  Cumulative  Frequency  Polygon  for  Static  Unbalance  of 
Full  5000  Series  Shell 
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Figure  75  -  Cumulative  Frequency  Polygon  for  Static  Unbalance 
of  Empty  7000  Series  Sliell 
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Figure  78  -  Cumulative  Frequency  Polygon  for  Azimuth  of  Dynamic 
Unbalance  of  Full  7000  Series  Shell 
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Figure  92  -  Static  Unbalance  Versus  Dynamic  Unbalance, 
3000  Series,  Full 
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Figure  94  -  Static  Unbalance  Versus  Dynamic  Unbalance 
6000  Series,  Full 
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-  Azimuth  of  Static  Unbalance  Versus  Azimuth  of 
Dynamic  Unbalance,  6000  Series,  Empty 
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Figure  102  -  Azimuth  of  Static  Unbalance  Versus  Azimuth  of 
Dynamic  Unbalance,  3000  Series,  Full 


Figure  110  -  Mean  Wall  Thickness  Variation  Versus  Dvnamic 
Unbalance,  5000  Series,  Region!,  Empty 


154 


Figure  113  -  Mean  Wall  Thickness  Variation  Versus  Dynamic 
Unbalance,  60C0  Series,  Region  1,  Empty 
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Figure  146  -  Mean  Wall  Thickness  Variation  Versus  Static  Unbalance, 
7000  Series,  Region  1,  Bnpty 
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igure  I47  -  Mean  Wall  Thickness  Variation  Versus  Static 
7000  Series,  Region  2,  Sspty 
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Figure  152  -  Mean  Wall  Thickness  Variation  Versus  Static  Unbalance, 
3000  Series,  Region  1,  Full 
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Figure  159  -  Mean  Wall  Thickness  Variation  Versus  Static  Unbalance, 
Series  6000,  Region  2,  Full 
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Figure  160  -  Mean  Wall  Thickness  Variation  Versus  Static  'Jnbalance 
Series  6000,  Region  3,  Full 
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Figure  161 


Kfean  Wall  Thickness  Variation  Versus  Static  Unbalance, 
Series  7000,  Region  1,  Full 
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Figure  174  -  Mean  Wall  Thickness  Variation  Versus  Azimuth  of 
lynamic  Unbalance,  Series  6000,  Region  2,  Empty 
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Ifean  Wall  Thickness  Variation  Versus  Asiarath  of 
Eynaniic  Unbalance,  Series  3000,  Region  3,  Fell 


Figure  136  -  Mean  Wall  Thickness  Variation  Versus  Azimuth  of 
Etynamic  Unbalance,  Series  5000,  Region 2,  pull 
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Figure  1G3  -  Mean  Wail  Thickness  Variation  Versus  Azimuth  of 
Qynaraic  Unbalance,  Series  6000,  Region  1,  Full 
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Figure  139  -  Mean  Wail  Thickness  Variation  Versus  AzLmith  of 
Eynamic  Unbalance,  Series  6000 ,  Region  2,  Full 
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Figure  194  -  Mean  Wall  Thickness  Variation  Versus  Aziraut 
dynamic  Unbalance,  Series  8000,  Region  1,  F 


Figure  196  -  Mean  Wall  Thickness  Variation  Versus  Azimuth  of 
dynamic  Unbalance,  Series  8000,  Region  3,  Full 
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Figure  2U7  -  Mean  Wall  TnicHness  Variation  Versus  Azimuth  of 
Static  Unbalance,  Series  7000,  Region  2,  Bnpty 
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Figure  216  - 


?.fean  Wall  Thickness  Variation  Versus  Azimuth 
Unbalance,  Series  5000,  Region  2,  Full 
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Figure  220  -  Mean  Wall  Thickness  Variation  Versus  Azimuth  of 
Static  Unbalance,  Series  6000,  Region  3,  Full 
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Figure  221  -  Mean  Wall  Thickness  Variation  Versus  Azimuth  of 
Static  Unbalance,  Series  7000,  Region  1,  Full 
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Figure  226  -  .Mean  Wall  Thickness  Variation  Versus  As  inruth  of 
Static  Unbalance,  Sties  CGOO,  Region  3,  Full 
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Mean  Azimuth  of  Minimum  Wall  Thickness  Versus  Azimuth 
of  Eynamic  Unbalance,  Series  3000,  Region  1,  Snpty 


Mean  Azimuth  of  Minimum  Wall  Thickness  Versus  Azin: 
of  Eynanilc  Unbalance,  furies  3000,  Region  3,  Laoty 
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I'igure  zyi  -  Mean  Azimuth  of  Minimum  W'all  Thickness  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  5000,  Region  2,  £mpty 


Figure  232  -  Mean  Azimuth  of  Mininr.ira  Wail  Thickness  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  5000,  Region  3,  Empty 
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Figure  d3S  -  Mean  Azimuth  of  ?/dniraum  Wail  Thickness  Versus  Azimuth  of 
dynamic  Unbalance,  Series  7000,  Region  3,  Empty 


igure  239  -  Mean  Azimuth  of  Minimum  Wall  Thickness  Versus  Azimuth 
of  dynamic  Unbalance,  Series  8000,  Region  1,  Empty 
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Figure  241  -  Mean  Azimuth  of  Minimum  Wall  Thickness  Versus  Azimuth  of 
Eynamic  Unbalance,  Series  8000,  Region  3,  Bnpty 
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Figure  246  -  Mean  Azimuth  of  Minimum  Wall  Uiickness  Versus  Azimuth 
of  Dynamic  Unbalance,  Series  5000,  Region  2,  Full 
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Figure  253  -  Mean  Azimuth  of  Minimum  Wall  Thickness  Versus  Azimuth 
of  Etynamic  Unbalance,  Series  7000,  Region  3,  Full 
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Figure  269  -  Mean  Azimuth  of  Minimum  Wall  Thiclcness  Versus  Azimuth 
of  Static  Unbalance,  Series  8000,  Region  1,  Empty 


Figure  275  -  Mean  Azimuth  of  Minimum  Wall  Thickness  Versus  Azimuth 
of  Static  Unbalance,  Series  5000,  Region  1,  Full 


319 


:  fmhuTHfiL  mbuz  5TfiT:K;ufefiLflNcs 


Figure  279  -  ?.fean  Azimuth  of  Minimum  Wall  Thickness  Versus  Azimuth 
of  Static  Unbalance,  Series  6C00,  Region  2,  Full 
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285  -  Mean  Azimuth  of  Minimum  Wall  Thickness  Versus  Azimuth 
of  Static  Unbalance,  Series  8000,  Region  2,  Full 
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CORRELATION  COEFFICIENTS  FOR  SERIES  7000 


CORRELATION  COEFFICIENTS  FOR  SERIES  8000 
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Partially  differentiating  D  by  both  a  and  b  and  setting  the  results 


equal  to  zero: 

12  r  o  =  x;K%^n) 
£  b  *+f 


(A -10) 


<TU  - 


(A  - 1 1 ) 


ciua 

:  O  *  (^ ~KlbTx  +■  (N  ^xac  + 

-^^♦ZNbT^-NV)*  * 

-  (  N  -  N  bT*  ^ 

substituting  Mb  “  from  (A-ll) 

O  —  (  N 'Tx-j -<T*.T +  V  ^  ^*3<x * ^ ^*'3v5  + 

-  Tat  -  (  N  Tx  ^  —  TacT^  ) 


(A- 12) 


(A -13) 


<L  4  -  \  “  O 


(A- 14) 


where 


G  = 


Therefore 


*  *  \ 

j_  (  NT**  -NT^+^-Tx  ) 

*  V  - / 

N^x^-TXT*$ 

<2  --Si  \^  £*  4  i"* 


(A -15) 


(A -16) 


While 


b  - 


(  -  «-Tx  ) 


(A  - 1 7 ) 


Both  values  of  a  will  produce  a  local  minimum.  To  find  the 
value  of  a  that  produces  the  smaller  D  we  substitute  our  values 
of  a  and  b  into  equation  (A-9).  Then  using  equation  (A-17)  for  b: 
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VI  1 

£  f  {  always  has  the  opposite  sign  of 

-  G  T-y J7r+P  so  that  the  condition  that  (A -22)  be  true 

is  equivalent  to  the  condition 


±  >0  (A -25) 

or 

^  M  Tx ** ^ac  cn^  ^  o  (A -26) 

by  (A -24). 
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